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The causes of multiple sclerosis MS remain unknown despite intensive research. There is evidence for both genetic' and environmental factors.2'3 A number of ep idemiologic studies of MS have targeted occupational exposures, including organic solvent exposure. Our aim in this paper is to review all currently available studies on MS and solverit exposure.
Methods
We knew some of the pertinent studies of MS and solvent exposure from our work in the field, and we also carried out a literature search for the period 1966-1994 in the MEDLARS database. We reviewed all available studies for a best-evidence synthesis, a technique first proposed by Slavin.4 This method combines the detailed analysis of critical issues and study characteristics of traditional narrative reviews with the quantification and systematic literature search methods of meta-analysis.
We evaluated studies in terms of a how many of the cases in the catchment area were likely to have been enrolled, b the adequacy of diagnostic criteria, c the choice of controls in case-control studies with respect to their representativeness of the source population for the cases, d the methodology of exposure assessment and e dose-response analysis, f control of confounding, and g assessment of effect modification Table 1 .
First, we included all available studies, representing a total of 1079 cases selection 1. We then excluded studies based on prevalence comparisons and analyzed the seven case-control studies that presented an effect estimate, representing a total of S9ftcas selection 2. Finally, we selected the three case-control studies that had the most similar design, included exposure assess ment, and had a reasonably large size; these studies comprised 312 cases selection 3.
For eachTthree selections of studies, we calcu lated a pooled Mantel-Haenszel relative risk56 RRMH pool and a "meta" BR RR, using a formula that enabled us to pool studies of different design as far as they provide an estimate of the same underlying relative risk. 7 The estimates have the advantage of including study-specific data on the number of individ uals. On the other hand, the RRmeta estimates are based on data after adjustment for confounding, where such procedures were performed.
Results
We found 13 published studies concerning solvent ex posure an case-control studies, 1 proportional mortality study, 2 prevalence comparisons, and 1 eco logic study Table 2 .
PREVALENCE COMPARISON STUDIES
The first published study addressing the question of MS and solvent exposure was a prevalence survey from Italy in l982. The authors compared the prevalence of MS among workers in the shoe and leather industry in Flo rence with the prevalence of MS among the economi cally active and among the general population of the 429 city, respectively. The prevalence ratio was 4.9 relative to each control group. Another prevalence study, pre sented in 1988,910 reported a prevalence ratio of 3.1 for shoe and leather workers.
CASE-CON1ROL STUDIES
The first case-control study, conducted in Sweden, ap peared in 198811 For the leather industry, with less ubiquitous exposure to organic solvents, there were positive correlations in two of the four countries.
EXPOSURE AssEssT
In the studies reviewed, the assessments of solvent ex posure ranged from crude estimates based on informa tion about work in a certain industry branch21 or self- reported exposure to "hazardous or toxic chemicals"'5 to semiquantitative indices, calculated from hygiene records and air sampling.'8 Some investigators"6"7 pro vided estimates of the intensity of exposure using a quantitative classification,22 whereas other studies had more crudely defined exposure categories, such as none, mild, or heavy2"3"9 In the majority of the studies, exposure was defined by occupation8'°"3'2°Table 3. Dose-response assessments in three studies"6"8 were divergent: one study,'8 using workers with disability as controls, found a dose-response relation; another study16 found a reverse relation, with the highest OR in patients with fewer symptoms of intoxication, but a positive dose-response relation when based on an exposure index weighted by duration of exposure; a third study" showed an increased risk for medium intensity of exposure but not for the high-intensity category of exposure, which included few individuals.
POOLED ANALYSES AND META-ANALYSES
The plotted RRs or ORs for the various studies center around 2, with confidence intervals of differing width Figure 1 . The larger studies show relatively narrow and overlapping confidence intervals. All of our analyses showed an overall RR in the range of 1.7-2.6. The RR,,, estimates were higher than the RRM,b esti mates, evidently because the relative risk estimates were greater after adjustment for confound ing in some studies Three case-control studies had fewer than 30 cases, limiting their informativeness.'2"5"8 Case selection is a possible limitation in the two studies from our group, as we included cases with possible MS, some of whom may have had other disorders.11"7 The choice of hospital controls may be a problem in the study by Gronning et 4,16 since they may not have been representative of the study population that produced the cases. The small effects seen by Nelson et at'8 may stem from the selection ofigcontro o the e ts as the cases, a matching whic was not controlled in t eir analysis. The excess risk from solvents may be more evident in male MS patients"7 Juritunen et at'2 studied mainly female patients, an approach that perhaps explains their smaller effect estimates.
The proportional mortality study from the United States indicated an increased mortalitvfrorli.JyjJn automobile mechanics and draftsdñiid from "inflam -itorydiseasefervoussi" in airplane me chanics.2°These occupations may entail exposure to -Vi Nevertheless, in groups such as painters and several other occupations with known solvent exposure, the proportional.rnortality ratios were not increased and, in fact, were sometimes lower than expected. Several occupations without solvent exposure showed elevated proportional mortality ratios. therefore pro vides only equivocal support for an association between solvent exposure and MS..
Exposure assessment varied widely among the studies. If autoimmune mechanisms are involved in the patho genesis of MS, a dose-effect model may not apply. If so, the quantification of solvent exposure may not be cmcia! and studies with a weak exposure assessment may nevertheless be worth considering. Table 3 gives the reported means of assessing the solvent exposure in the different studies Timing of exvosure ir relation to onset of disease was reported in only two of the studies, with an assumed induction time of 5 years Some authors have criticized meta analysis, especially outside the context of randortized clinical trials, because it may simply combine erroneous results from many studies.28 '29 There are also doubts about weighting schemes in meta analyses, since weighting adds subjec tive bias to the result, wastes information, and hides sources of heterogeneity. 29 We acknowledge reluctance to pool the results of prevalence comansons with those of case control stud ies, as we did in selection 1 Table 4 Selection 2 contains only case control studies, but they differ in quality and design There is only minor heterogeneity the Finnish co-twin study'2 We believe selection 3 to be the most appropriate Regardless of the weighting procedure, the results of the different analyses are simi lar, mitigating the nethodologic concerns
The associat4n betwen solvent exposure and MS may involve differerites in individual susceptibility, ei ther from genetic differences or from a promoting effect through damage to ,the blood-brain barrier. Increased intrathecal albumin concentrations as a sign of bloodbrain barrier damage have been demonstrated in sol vent-exposed individuals, although not consistent ly.27'3°32 Migration studies reveal that MS is initiated early in life. [33] [34] [35] This finding does not rule out the possibility that exposure to solvents later in life may precipitate the clinical onset of MS or cause latent disease to become active.
